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Abstract. Precision farming involves the collection of detailed information about the 
characteristics of agricultural operations. Electro-conductivity (EC) of soil is one of the tests easier 
and less costly for agriculture, which can be performed today. Electro-conductivity (EC) is the ability 
of a material to transmit (conduct) an electrical current and is usually expressed in miliSiemens / meter 
(MS / m). Electro-conductivity (EC) of soil is a measurand that characterizes many soil properties 
which affect the productivity of crops. These include the water content, soil texture, soil organic 
matter (OM), depth to clay layer, the capacity of cation exchange (CEC), salinity, calcium, 
magnesium. Measurements of electro-conductivity (EC) of soil can add value to agricultural 
operations if they can be used to help explain variations in agricultural production. Article shows 
electro-conductivity maps models of the prepared soil in different locations in Romania and electro-
conductivity correlation with the physico-chemical properties of these soils. 
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INTRODUCTION 
 
Precision farmers can now collect more detailed information about the spatial 
characteristics of their farming operations than ever before. In addition to yield, boundary and 
field attribute maps, a wide array of new electronic, mechanical and chemical sensors is being 
developed to measure and map many soil and plant properties. Soil EC (sometimes referred to 
as ECa) is one of the simplest, least expensive soil measurements available to precision 
farmers today. Soil EC is a measurement that integrates many soil properties affecting crop 
productivity. These include water content, soil texture, soil O.M., depth to claypans, CEC, 
salinity, and exchangeable cation {calcium (Ca) and magnesium (Mg)}. 
Soil EC measurements can add value to the farming operation if they can be used to help 
explain yield variation. That increased understanding must then lead to improved management 
opportunities that either boost yields, reduce input costs, or accurately predict the benefits that 
may be obtained from tiling, liming, irrigation, windbreaks, or other types of field improvements. 
Precision farming relies on geospatial information to facilitate the treatment of small 
portions of the field as individual management units. Although agriculturalists have long 
known that fields are heterogeneous, only recently have technologies become available that 
allow production practices to efficiently take this variability into account. Key technologies 
include GPS, GIS, electronic sensors, and ruggedized computers for within-field data 
acquisition and operation control. Although it is now relatively easy to collect geospatial data 
for precision farming, it is more difficult to know how to most effectively use those data in 
making crop management decisions. An important step in these management decisions is 
understanding the relationship, on a spatial basis, of crop yields to the myriad of agronomic 
factors which may potentially be causing yield variations. 
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MATERIALS AND METHODS 
 
Electrical conductivity is the ability of a material to transmit (conduct) an electrical 
current and is commonly expressed in units of millisiemens per meter (mS/m). Soil EC 
measurements may also be reported in units of decisiemens per meter (dS/m), which is equal 
to the reading in mS/m divided by 100. There are two techniques used to measure soil EC in 
the field; electromagnetic induction (EM) and contact electrode. EM surveys are conducted by 
introducing electromagnetic energy into geological materials using a current source that 
passes over the earth’s surface but which does not make physical contact. A sensor in the 
device measures the resulting electromagnetic field that this current induces. The contact 
electrode method involves devices that direct electrical current into the soil through insulated 
metal electrodes that penetrate the soil surface. These devices directly measure the voltage 
drop between a source and a sensor electrode. The measurement of soil EC by both contact 
and EM methods has given comparable results (Sudduth et al., 1998). The depth to which EC 
measurements penetrate the soil depends on the spacing width of coulter mounted electrodes 
for contact methods and on the orientation (vertical vs. horizontal) and height and spacing of 
the source electrical coils for the non-contact methods. While geological testing can be done 
to a depth of several hundred meters, most soil EC devices (as pictured above) only “look” at 
the surface 3 to 5 feet. The ability to evaluate surface and subsoil layers via EC mapping can 
be very useful if the characteristics of these soil layers are closely related to patterns in crop 
yield variation. For example, the ability to estimate topsoil depth with EC mapping could be 
very useful in predicting crop yield potentials and therefore be a realistic guide for assigning 
variable crop input rates. 
The Contact method uses a type of sensor which is composed by electrodes, usually in 
the shape of coulters that make contact with the soil to measure the electrical conductivity. In 
this approach, two to three pairs of coulters are mounted on a toolbar; one pair applies 
electrical current into the soil while the other two pair of coulters measure the voltage drop 
between them (Figure 1). Soil EC information is recorded in a data logger along with location 
information. A Global Positioning System (GPS) provides the location information to the data 
logger. The contact method is more popular for precision agriculture applications, because 
with this method it is easier to cover more area and it is less susceptible to outside 
interference. The disadvantage of this system is that it is usually bulky and cannot be used in 
some small farms and plots. Currently, Veris Technology manufactures the contact type of 
EC measuring device. 
 
 
Fig. 1. The System Components of Veris Soil EC Mapping-Model: Veris3150 
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VerisEC soil electrical conductivity sensor is used for detecting the ability of soil in 
conducting electricity. In the Veris Soil EC Mapping System the electrodes are rotating discs 
placed 6cm into the soil (Fig. 1). As the cart is pulled through the field, one pair of electrodes 
passes electrical current into the soil, while two other pairs of electrodes measures the voltage 
drop. The system is set up to switch between two configurations A (shallow) and B (deep). 
Configuration A uses the four inner discs (2, 3, 4 & 5) as shown in Fig 2. The voltage is 
measured between the two innermost discs (3 & 4) which are d = m apart. In Configuration B 
the four outer discs (1, 2, 5 & 6) are used and the voltage is measured between discs 2 and 5. 
When the electrodes (discs) are d meters apart the conductivity is measured to a depth of 
roughly 1.5d meters. 
 
 
Fig. 2. Schematic of Configuration A-Shallow <30 cm (top) and B-Deep <90 cm(below). 
 
The study was conducted in three different locations to determine the electro-
conductivity (EC) for different soil textures and soil types of Romania. The objective was to 
evaluate in a first phase relationship between the apparent electro-conductivity (ECA) and soil 
properties ( water content from soil, pH, temperature, porosity, cationic exchange capacity-
CEC) before sowing, following that the next year to observe the correlation of  the EC with 
the productivity obtained under analysis.  
Such tests were conducted with the mobile platform VERIS 3150 for determining electro-
conductivity of soil in the following locations:  
1. INCD. Fundulea- soil type: BROWN REDDISH WOOD surface was analyzed by 1.2 ha.  
2. The agricultural-Şimnic Craiova - soil type: LUVOSOL surface was analyzed by 1.8 ha.  
3. USAMV Timisoara soil type: ALKALINE MOLD surface was analyzed by 2 ha. 
Mobile Platform 3150 VERIS was towed by a tractor U650 (65CP) at an approximate 
speed of 8 km / h .(Fig 3). 
The method of samples gathering is the grid method, and consists of a regular grid 
with spacing of 5 to 10 meters. At the same time soil samples were taken for laboratory soil 
physico-chemical analysis ( water content of soil, pH, temperature, porosity, cationic 
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exchange capacity-CEC) for correlating these data with those of electro-conductivity (EC) 
obtained with the mobile platform VERIS 3150, necessary for the construction of electro-
conductivity maps  
Data can be recorded every second, eith the help of or GSP (GSP-V communication 
protocol NMEA 0183 VERSION 2.30 data) connected to VERIS 3150, condition absolute 
compulsory for recording  data of electro-conductivity in the memory card of machinery. Data 
will be transferred later into a notebook generate maps using for processing and generating 
maps using the MATLAB PROGRAM. 
 
 
 
 
Fig.3. Mobile Platform VERIS 3150 at work 
 
RESULTS AND DISCUSSION 
 
The study consisted in the realization of experimental models of electro-conductivity 
maps in the chosen locations with different soil textures, realized using EC  data provided by 
the  mobile platform VERIS 3150. Thus, based on these data have been realized two  models 
of electro-conductivity maps for each selected location:  
1. a map of soil electro-conductivity based on the EC shallow (electro-conductivity 
determined at a depth of 0-30 cm)  
2. a map of soil the electro-conductivity based on the deep EC (electro-conductivity 
determined at a depth of 0-90 cm).  
Experimental models of electro-conductivity maps obtained are: 
1. INCD FUNDULEA - FIGURE 4; 
2. The Agricultural SIMNIC-CRAIOVA – FIGURE 5; 
3. USAMV TIMISOARA – FIGURE 6. 
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Fig. 4. INCD FUNDULEA-EC maps 
 
 
Fig. 5. The Agricultural SIMNIC-CRAIOVA -EC maps 
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Fig. 6. USAMV TIMISOARA -EC maps 
 
CONCLUSIONS 
 
Following the data of electro-conductivity obtained using the mobile platform VERIS 
3150, drawing up maps of models of electro-conductivity (EC) in selected locations 
depending on soil texture and soil types, related laboratory tests physic-chemical obtained, 
there established the were first set of conclusions about the influence of soil properties on the 
electro-conductivity, or vice versa. Preliminary findings obtained after correlation of these 
data are:  
1. Regarding the water content of soil was found that a dry soil has a use electro-
conductivity (EC) than moist soils.  
2. Higher porosity leads to an Electro-conductivity higher clay soils have a higher 
porosity and consequently an electro-conductivity greater than sandy soils 
3. Low soil temperatures lead to a lower electro-conductivity value of the soil than that 
normally. 
4. Cationic exchange capacity represented by the presence of positive ions from the 
soil as Ca2 +, Mg +2, Na +, NH4 + and H + increase electro-conductivity (EC)  of soil, resulting 
that soil rich in humus has a higher electro-conductivity. 
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